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(57) ABSTRACT

An electrode comprising: a least a first, preferably cylindri-
cal, glass body, in which at least a first chamber 1s formed; at
least a first electrolyte, which 1s located 1n the first chamber;
at least a first potential-forming element, which 1s arranged 1n
the chamber, and forms a first potential when contacted by the
first electrolyte; at least a first closing element, which 1s
axially fixed 1n the first chamber for enclosing the first elec-
trolyte and the first potential-forming element and sealedly
closes the first chamber; wherein, additionally, the first clos-
ing element 1s conductive, the first potential-forming element
conductingly contacts the first closing element, and the elec-
trode furthermore includes at least a first electrical conductor,
which electrically contacts the first closing element on the
side of the first closing element facing away from the first
clectrolyte.

19 Claims, 3 Drawing Sheets
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ELECTRODE AND SINGLE-ROD
MEASURING CHAIN FOR DETERMINING
ELECTROCHEMICAL POTENTIALS

TECHNICAL FIELD

The present invention relates to an electrode, especially a
glass electrode, and to a single-rod measuring chain for deter-
mimng electrochemical potentials, for example, the pH-de-
pendent potential. Glass electrodes find wide application in
the above field of application. For the measuring of pH, espe-
cially, so called single-rod measuring chains are applied hav-
ing a pH glass-half-cell, or pH-electrode, and a reference
half-cell, or reference electrode, which provides a constant
reference potential. For forming the reference potential, pri-
marily an Ag/AgCl-body 1n a KCl-solution of constant con-
centration 1s used.

BACKGROUND DISCUSSION

Conventional single-rod measuring chains include, essen-
tially, two concentric glass cylinders, which are joined
together at a first axial end section by melting, wherein the
inner cylinder has at the first end section, usually, a pH glass-
membrane and 1s filled with a bufter, the annular chamber

between the inner and the outer cylinder contains the KCl-
solution, and the outer cylinder has in the first axial end
section or 1n a section axially adjoining such, a porous dia-
phragm, through which an electrolyte bridge to the surround-
ing, measured medium 1s produced. Both from the inner
cylinder as well as from the annular chamber, metal conduc-
tors extend, for providing access to, respectively, the pH-
potential and the reference potential.

A structural requirement 1s to provide sealed closure of the
annular chamber and the inner cylinder at a second axial end
section lying opposite to the first axial end section, without
interfering with the accessing of the potentials. The sealing of
the closure must, 1n such case, be assured, both at high tem-
peratures, for example, >130° C. during autoclaving, as well
as also at high pressures, for example, up to about 16 bar or
more.

Conventionally, wires, as metal conductors, are bonded
into glass for sealing, by melting of the glass, or they are held
adhesively by potting 1n feed-throughs in more or less suit-
able materials. These feed-throughs leave the manufacturing
process successiully sealed only after the expenditure of con-
siderable effort.

SUMMARY OF THE INVENTION

An object of the invention 1s, consequently, to provide
potentiometric electrodes overcoming the disadvantages of
the state of the art.

The object 1s achieved according to the invention by an
clectrode including: at least a first glass body, in which at least
a first chamber 1s formed; at least a first electrolyte, which 1s
located 1n the first chamber; at least a first potential-forming
clement, which 1s arranged in the chamber and forms a {first
potential when contacted by the first electrolyte; atleast a first
closing element, which 1s axially fixed in the first chamber for
enclosing the first electrolyte and the first potential-forming
clement, and which sealedly closes the first chamber; char-
acterized in that the first closing element 1s conductive, the
first potential-forming element conductively contacts the first
closing element, and the electrode further includes at least a
first electrical conductor, which electrically contacts the first
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closing element on a side of the first closing element facing
away from the first electrolyte.

The electrode of the invention can be a single pH-electrode
or a single reference electrode. Equally, the pH-electrode
and/or the reference electrode of a single-rod measuring
chain can be embodied as an electrode of the mnvention.

In a first embodiment of the invention, the electrode 1s a
pH-electrode.

The first glass body can, according to the first embodiment
of the invention, comprise, for example, a cylindrical tube,
whose first axial end 1s closed with a pH glass-membrane to
form the first chamber. The first electrolyte comprises a pH-
butifer, which can contain, for example, KCI.

The first potential-forming element comprises, then, for
example, an AgCl-reservoir, which 1s wetted by the electro-
lyte, or pH-buitfer, and 1s 1n electrically conducting connec-
tion with the electrically conductive, closing element.

In a currently preferred embodiment, the potential-forming
clement comprises a conductive element body, which 1s com-
posed of a porous, especially open-pored, elastomer, whose
pores contain the electrolyte, or pH-butler, and Ag(Cl, and
which 1s 1n electrical contact with the closing element.
Embedded in the elastomer are, for example, silver particles,
silver-containing particles, or glass particles coated with Ag,
in order to provide the body with a sufficient electrical con-
ductivity.

The closing element can, 1n a first further development,
comprise a conductive closing body, which 1s composed of an
clastomer, 1n which, likewise, the cited particles with silver-
containing surfaces are embedded, 1n order to make the body
clectrically conductive. The closing body can, for example,
be pressed from the second axial end of the cylindrical glass
body 1nto the opening of the glass body, 1n order to close the
opening. The closing element 1s 1n such case held suificiently
in its axial position by Iriction arising from radial forces
exerted by 1t against the inner wall of the cylindrical glass
body. The closing body can, depending on embodiment of the
pH electrode, be a solid stopper, or an annular body, or O-ring.

An O-ring 1s required, when a temperature probe 1is
arranged 1n the cylindrical glass body, with the temperature
probe extending from the second end section of the cylindri-
cal glass body 1n the direction of the pH glass-membrane.

In a further development of the invention, the element body
1s formed as one-piece with the closing body.

In another embodiment of the invention, the closing ele-
ment comprises an adhesive, which 1s made conductive by the
embedding of silver particles, silver-contaiming particles, or
silver-coated, glass particles therein.

Suitable elastomers, or sealing compounds, especially sili-
cone compounds with silver additives, or silver-containing
additives, for achieving the required conductivity are obtain-
able, for example, from Laird-Technologies, Rosenheim,
(Germany.

The principles of the above embodiments of the electrode
of the invention can be transferred correspondingly to refer-
ence half-cells. In such case, 1nstead of the pH glass-mem-
brane 1n a first end section of the cylindrical glass body, a
porous diaphragm 1s provided for implementing the corre-
sponding junction. The electrolyte comprises a reference
clectrolyte corresponding to the desired function, {for
example, a 3 molar KCl-solution.

Equally, the above explanations hold for a so called single-
rod measuring chain, which comprises a pH-electrode and a
coaxially arranged, reference electrode, wherein the cylindri-
cal glass body of the reference electrode surrounds the cylin-
drical glass body of the pH-electrode to form an annular
chamber, wherein the annular chamber 1s closed 1n the region
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of the first end section, for example, by melting the two glass
bodies to join them together. A reference electrolyte and an
clement forming a reference potential are arranged in the
annular chamber. At least one of the chambers, thus the cham-
ber of the pH-electrode or the annular chamber of the second
electrode 1s closed with an above described, conductive, clos-
ing body. Preferably, however, both chambers are closed with
one of the above described, conductive, closing bodies.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention will now be explained on the basis of the
examples of embodiments presented in the drawing, the fig-
ures of which show as follows:

FIG. 1 a longitudinal section through a first example of an
embodiment of a pH-electrode of the invention;

FI1G. 2 a longitudinal section through a second example of
an embodiment of a pH-electrode of the invention; and

FIG. 3 a longitudinal section through an example of an
embodiment of a single-rod measuring chain of the invention.

DETAILED DISCUSSION IN CONJUNCTION
WITH THE DRAWINGS

The pH-electrode 1 shown 1n FIG. 1 includes a cylindrical
glass tube 2, whose lower end 1s closed with a pH glass-
membrane 3. The glass tube 2 and the pH glass-membrane 3
enclose a volume, which 1s filled with a KCl-containing pH-
buffer.

For forming a pH-dependent potential, an AgCl-reservoir 4
1s provided, which comprises silver grains, or grains with a
silver surface, which are, at least partially, chlorided. The
AgCl-reservoir 1s 1n electrically conducting contact with a
closing element 5, which closes the glass tube 2. For fixing the
axial position of the AgCl-reservoir 4, there 1s provided 1n the
glass tube 2 an axial barrier 6, which 1s porous for the pH-
butler, so that such can wet the AgCl-reservoir. The barrier 6
can comprise, for example, an annular sieve plate of glass or
plastic.

The closing element 5 comprises, in this embodiment, an
clectrically conductive O-ring, which 1s manufactured of an
clastomer containing silver particles. The O-ring 1s held sui-
ficiently against movement in the axial direction by radial
forces providing frictional engagement.

For providing access to the pH-dependent potential, the
O-ring 1s contacted via a contact spring 7, which presses
against the side of the O-ring facing away from the AgCl-
reservolr. The contact spring 1s suiliciently axially pre-com-
pressed, that an electrical contact remains 1n the presence of
shaking and temperature fluctuations. However, the pre-com-
pression of the contact spring 1s not so great as to cause axial
shifting of the O-ring.

Extending along the axis of the pH-electrode 1s the glass
shaft of a temperature sensor 8, which registers temperature
of the pH-butifer about 1n the center of the volume enclosed by
the pH glass-membrane. Due to the presence of this tempera-
ture sensor, the closing element 5 and the axial barrier 6 are
embodied to be ring-shaped. When the temperature sensor 1s
absent, the closing clement 5 and the axial barrier 6 are
correspondingly embodied, respectively, as solid stopper (or
plug) and traversing sieve plate.

The pH-electrode 11 shown in FIG. 2 comprises a cylin-
drical glass tube 12, whose lower end is closed with a pH
glass-membrane 13. The glass tube 12 and the pH glass-
membrane 13 surround a volume, which 1s filled with a KCl-
contaiming pH-butfer.
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For forming a pH-dependent potential, a potential-forming,
clement 14 1s provided, which comprises an electrically con-
ductive, open-pored and elastic, annular plug, whose pores
contain, at least partially, AgCl-particles, which are wetted by
the electrolyte, or pH-butler. The annular plug can comprise,
for example, an elastomer made electrically conductively by
silver particles, or particles with silver surfaces, wherein the
annular plug can be fixed against axial movement by friction
created again by radial forces.

The closing element 15 comprises, 1n this embodiment, an
clectrically conducting, sealing compound, which comprises
an elastomer containing silver particles, which 1s cast by
means of a suited metering apparatus into the glass tube and
into electrical contact with the annular plug 14.

For accessing the pH-dependent potential, an end of an
clectrical current drain wire 17 1s cast into the closing element
15, without, however, completely passing through the closing
clement 15. Optionally, the end of the drain wire can also be
adhered to a surface of the closing element, after curing of the
clastomer.

Extending along the axis of the pH-electrode 1s a glass shaft
of a temperature sensor 18, which registers the temperature of
the pH-butler about 1n the center of the volume enclosed by
the pH glass-membrane. Due to this temperature sensor, the
plug 14 of the potential-forming element and the closing
clement 15 are embodied to be annularly shaped. When the
temperature sensor 1s absent, instead, a solid stopper 1s pro-
vided for the potential-forming element, and the closing ele-
ment 15 1s accordingly cast completely across the glass tube.

FIG. 3 shows, finally, a single-rod measuring chain 21
having a pH-electrode of the invention, which 1s also suited
for the inverted mounting, thus, with the pH glass-membrane
upwards. In this case, a complete filling of the glass tubes 1s
significantly important for the pH-builer and for the reference
clectrolyte, because, 1n the case of an incomplete filling, for
example, the inner wall of the pH glass-membrane would no
longer be wetted and the measurement path would, thus, be
interrupted.

The pH-electrode of the single-rod measuring chain 21
comprises a cylindrical glass tube 22, whose upper end 1s
closed with a pH glass-membrane 23. The glass tube 22 and
the pH glass-membrane 23 surround a volume, which 1s filled
completely with a KCl-containing pH-buifer.

For forming a pH-dependent potential, a potential-forming
clement 24 1s provided, which comprises an electrically con-
ductive, open-pored and elastic, annular plug, whose pores at
least partially contain AgCl-particles, which are wetted by the
pH-butler. The annular plug can comprise, for example, an
clastomer made electrically conductive by silver particles, or
by particles with silver surfaces, wherein the annular plug 1s
axially fixed, for example, frictionally by radial forces.

Bordering the annular plug, 1n electrically conducting con-
tact therewith, 1s a closing element 25, which sealedly closes
the volume filled with the pH-butler and the potential-form-
ing element 24.

Closing element 25 comprises, in this embodiment, an
clectrically conductive O-ring of an elastomer containing
silver particles or silver-containing particles. The O-ring 1s
fixed sufficiently against movement 1n the axial direction by
friction resulting from radial forces.

For accessing the pH-dependent potential, the O-ring 1s
contacted via a contact spring 27, which presses against the
side of the O-ring facing away from the potential-forming
clement 24. The contact spring 27 1s, 1n such case, axially
pre-compressed to an extent such that an electrical contact
remains in the presence of shaking and temperature fluctua-
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tions, while, however, the level of compression is limited such
that no axial shifting of the O-ring 25 occurs because of the
contact spring.

Extending along the axis of the pH-electrode 1s a glass shaft

of a temperature sensor 28, which registers the temperature of 5

the pH-butiler about 1n the center of the volume enclosed by
the pH glass-membrane 23.

The glass tube 22 of the pH-electrode 1s coaxially sur-
rounded by a second glass tube 32, so that, between the two
glass tubes, an annular chamber 1s formed, which 1s filled with
a reference electrolyte, which comprises a 3 molar K(CI-
solution.

The second glass tube 32 1s, 1n an axial end section, which
adjoins the axial position of the pH glass-membrane, bonded
with the glass tube 22 of the pH-electrode by melting,
whereby the annular chamber 1s closed at the end region
contactable with a medium to be measured. In this end region,
the outer glass tube has, furthermore, a porous ceramic dia-
phragm 33, through which an electrolyte bridge to, or junc-
tion with, the measured medium 1s implemented.

For forming a reference potential, there 1s provided 1n the
annular chamber an AgCl-reservoir 34, which comprises sil-
ver grains, or grains with a silver surface, especially silvered
glass grains, which are at least partially chlorided, and are 1n
clectrically conducting contact with a closing element 35,
which closes the reference electrolyte filled section of the
annular chamber between the first glass tube 22 and the sec-
ond glass tube 32.

For fixing the axial position of the AgCl-reservoir 34, there
1s provided 1n the annular chamber an axial barrier 36, which
1s porous for the reference electrolyte, so that such can wet the
AgCl-reservoir. Barrier 36 can comprise, for example, an
annular sieve plate of glass or plastic. The closing element 35
comprises, 1 this embodiment, an electrically conductive
O-ring of an elastomer containing silver particles. The O-ring
1s suiliciently fixed in the axial direction by friction resulting
from radial forces.

For accessing the reference potential, an end section of a
drain wire 37 1s adhered with a conductive adhesive 1n elec-
trical contact with the O-ring 1n the annular chamber, wherein
the conductive adhesive can additionally serve as a seal,
redundantly to the O-ring.

Although FIG. 3 shows the single-rod measuring chain in
an nverted arrangement, this relates only to an advantageous
application of the mvention, since, of course, the imvention
includes measuring arrangements with any other orientations
of the electrodes.

The mvention claimed 1s:

1. An electrode, comprising:

at least a first, preferably cylindrical, glass body, 1n which
at least a first chamber 1s formed;

at least a first electrolyte, which 1s located 1n said first
chamber:

at least a first potential-forming element, which 1s arranged
in said chamber, and forms a first potential when con-
tacted by said first electrolyte;

at least a first closing element, which 1s axaally fixed 1n said
first chamber for enclosing said first electrolyte and said
first potential-forming element, and which sealedly
closes said first chamber; and

at least a first electrical conductor, which electrically con-
tacts said first closing element on a side of said first
closing element facing away from said first electrolyte,
wherein:

said first closing element 1s conductive; and

said first potential-forming element conductingly contacts
said first closing element.
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2. The electrode as claimed 1n claim 1, wherein:

said first potential-forming element comprises an AgCl-
reservolr, which 1s wetted by the electrolyte and 1s 1n
clectrically conducting connection with said electrically
conductive, closing element.

3. The electrode as claimed 1n claim 2, wherein:

said first potential-forming element comprises a conduc-
tive element body, which comprises a porous elastomer,
and which contacts said closing element.

4. The electrode as claimed 1n claim 3, wherein:

said pores of said conductive element body contain said
clectrolyte and AgCl.

5. The electrode as claimed 1n claim 3, wherein:

said elastomer of the element body contains embedded
silver particles, silver-containing particles, or glass par-
ticles coated with Ag.

6. The electrode as claimed 1n claim 3, wherein:

said element body 1s formed as one-piece with said closing
body.

7. The electrode as claimed 1n claim 1, wherein:

said closing element comprises a conductive closing body
of elastomer.

8. The electrode as claimed 1n claim 7, wherein:

the elastomer of said closing body contains embedded
silver particles, silver-containing particles, or glass par-
ticles coated with Ag.

9. The electrode as claimed 1n claim 7, wherein:

said closing body 1s pressed into an opening of said glass
body, and said closing element 1s fixed frictionally 1n its
axial position by radial forces.

10. The electrode as claimed 1n claim 1, wherein:

said closing element comprises a conductive adhesive.

11. The electrode as claimed 1n claim 10, wherein:

the adhesive contains embedded silver particles, silver-
containing particles, or glass particles coated with Ag.

12. The electrode as claimed in claim 1, wherein:

said electrode 1s a pH-electrode.

13. The electrode as claimed in claim 12, wherein:

a first axial end of said glass body 1s closed with a pH
glass-membrane to form said first chamber, and said first
clectrolyte comprises a pH-buffer.

14. The electrode as claimed 1n claim 1, further compris-

ng:

a reference electrode and a reference electrolyte arranged
in said chamber.

15. The electrode as claimed 1n claim 14, wherein:

said reference electrolyte comprises a KCl-solution.

16. The electrode as claimed 1n claim 14, further compris-

ng:

a porous diaphragm arranged n an end section of said
cylindrical glass body.

17. A single-rod measuring chain, comprising:

a pH-electrode; and

a reference electrode, wherein:

said pH-electrode and said reference electrode each com-
prise a cylindrical glass body and said glass body of said
reference electrode surrounds said glass body of said
pH-electrode to form an annular chamber,

said pH-electrode further comprising:

at least a first electrolyte which 1s located 1n at least a first
chamber formed 1n said glass body of said pH-electrode;

at least a first potential-forming element, which is arranged
in said first chamber, and forms a first potential when
contacted by said first electrolyte;

at least a first closing element, which 1s axially fixed in said
first chamber for enclosing said first electrolyte and said
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first potential-forming element, and which sealedly
closes said first chamber; and

at least a first electrical conductor, which electrically con-
tacts said first closing element on a side of said first
closing element facing away from said first electrolyte,
wherein:

said first closing element 1s conductive; and

said first potential-forming element conductingly contacts
said first closing element.

18. A single-rod measuring chain, comprising:

a pH-electrode; and

a reference electrode, wherein:

said pH-electrode and said reference electrode each com-
prise a cylindrical glass body and said glass body of said
reference electrode surrounds said glass body of said
pH-electrode to form an annular chamber, said reference
clectrode further comprising:

at least a reference electrolyte which 1s located 1n said
annular chamber;

at least a first potential-forming element, which 1s arranged
in said annular chamber, and forms a first potential when
contacted by said reference electrolyte;

at least a first closing element, which 1s axially fixed 1n said
annular chamber for enclosing said reference electrolyte
and said first potential-forming element, and which
sealedly closes said annular chamber; and

at least a first electrical conductor, which electrically con-
tacts said first closing element on a side of said first
closing element facing away from said reference elec-
trolyte, wherein:

said first closing element 1s conductive; and

said first potential-forming element conductingly contacts
said first closing element.

19. A single-rod measuring chain, comprising:

a pH-electrode; and

a reference electrode, wherein:

said pH-electrode and said reference electrode each com-
prise a cylindrical glass body and said glass body of said
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reference electrode surrounds said glass body of said
pH-electrode to form an annular chamber, said pH-elec-
trode further comprising;:

at least a first electrolyte which 1s located 1n at least a first
chamber formed 1n said glass body of said pH-electrode;

at least a first potential-forming element, which 1s arranged
in said first chamber, and forms a first potential when
contacted by said first electrolyte;

at least a first closing element, which 1s axially fixed in said
first chamber for enclosing said first electrolyte and said
first potential-forming element, and which sealedly
closes said first chamber; and

at least a first electrical conductor, which electrically con-
tacts said first closing element on a side of said first
closing element facing away from said first electrolyte,
wherein:

said first closing element 1s conductive; and

said first potential-forming element conductingly contacts
said first closing element; and

said reference electrode further comprising:

at least a reference electrolyte which 1s located in said
annular chamber:;

at least a second potential-forming element, which 1s
arranged 1n said annular chamber, and forms a second
potential when contacted by said reference electrolyte;

at least a second closing element, which 1s axially fixed 1n
said annular chamber for enclosing said reference elec-
trolyte and said second potential-forming element, and
which sealedly closes said annular chamber; and

at least a second electrical conductor, which electrically
contacts said second closing element on a side of said
second closing element facing away from said reference
clectrolyte, wherein:

said second closing element 1s conductive; and

said second potential-forming element conductingly con-
tacts said second closing element.
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